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NEW PNEUMATIC AL EXPERIMENTS about RESPIRATION. 

Thcfc Experiments , made by that Indefatigable Bene faff our to Philofophy , the 
Honourable Robert Boyle in order to brin(t fome more Light to the Doctrine 
of RESPIRATION, its well as to minifler occafion to Inejuiftivc Natura¬ 
lists to make farther Rcfcarches into the fame,, were by their Noble Author 
communicated to the Fnblifher of thefe Papers • who eflcem'd it more conveni¬ 
ent to make them a part of thcfc Trails ( they taking up the room but of a few 
fhcets) than to publijh them any ot her way. 

The I. Title. 

Observations made about the lafiing of Ducks included in the Exhaufled 
Receiver . 

TV "] Ature having, as Z oolegijls teach us, furnifhed Dncl{s and o- 
JL\ ther vvater-Fowl with a peculiar flrufrure of fome veilels 
about the heart, to enable them , when they have occafion to 
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Dive, to forbear for a pretty while refpiring under water with¬ 
out prejudice $ I thought it worth the tryal, whether fuch Birds 
would much better than other Animals endure the ablence of the 
Air in our exhaufted Receiver. The Accounts of which tryals 
were, when they were made, regiflred as follows. 

Experiment the I. 

We put a full-grown Dnck^ (being not then able to procure a 
fitter) into a Receiver, whereof fhe fill’d, byourguefs, a third 
part or fomewhat more , but was not able to ftand in any eafy 
pofture in it 3 then pumping out the Air , though (he feemed at 
firft (which yet I am not too confident of, upon a fingle tryal, ) 
to continue well fomewhat longer than a Hen in her condition 
would have done *, yet within the ihort fpace of one minute fhe 
appeared muchdilcom poled , and between that and the lecond 
minute, her fh-ugling and convolfive motions increafed lb much, 
that, her head alfo hanging carekfly down, fhe feemed to be juft 
at the point of death 5 from which w 7 e prefently refcued her by 
letting in the Air upon her : So that, this Duck being reduced in 
our Receiver to a gafpingcondition within lefs than two minutes, 
it did not appear, that, notwithstanding the peculiar contrivance 
of nature to enable thefe water-Birds to continue without refpi- 
ration for feme time under water, this Duck was able to hold 
out confiderably longer than a Hen, or other Bird not-Aquatick, 
might have done : and to manifeft, that it was not clofenefs and 
narrownefs of the veffel,in reference to fo bulky an Animal,that 
produced in the fubjeft of our tryal the great and fuddain change 
above* recited, we foon after included the fame Bird in the fame 
Receiver, and having by a fpecial way cemented it on very dole, 
we differed her to flay thus {hut up with the Air for five times as 
long as formerly (by,our guefle , helped by a watch, ) without 
perceiving her to be difeompofed 5 and fhe would probably have 
continued longer in the fame condition, if my patience and Iei- 
fure would have held out folong, as foe could have done in that 
prilbn. 

Experiment the 2 . 

Having at the feafon of the year procured a Ducklings hat was 
yet Callow,we conveyed her into the fame Receiver wherein the 
former had been included,and oblerved, that, though for a while 
fhe appeared not much dilquieted, whilft the Air was pumping 
out of the glafs, yet before the firft minute was quite ended, foe 

gave 



( 2013 ) 

gave manifeft tokens of being much difordered $ and the opera* 
tion being continued a while longer, fhe grew fo much worfe, 
that feveral convulfive motions, The fell into before a fecond mi¬ 
nute was expired, obliged us to let in the Air upon her, whereby 
(he quickly recovered, 

NB. I determine not, whether it be proper in this place to add, 
that when the Receiver was pretty well exhaufted, the included 
Bird appeared to the Spectators manifeftly bigger, than before the 
Air was withdrawn, efpecially aboufcthe crop, though that was 
very turgid before. And to manifeft, that in this Duck, as in the 
former, the convulfions, thatufed to be immediately followed 
by Death, proceeded from the withdrawing of the ambient Air, 
and not from the clogging ofitj we kept the fame Duckling in 
the fame Receiver very clofe, to keep out all external Air, and to 
keep in the excrementitious fleams of her body for above 6 min. 
without perceiving her to grow fick upon her imprifcnment $ 
which yet lafted above thrice the time, that fufficed to reduce her 
in the abfence of the Air to a gafping condition. 

NB, It not being intended , that Ducks and other water-Fowl 
fhould any more than other Birds live in an exceeding rarified Air, 
but only be able to continue uponoccafion a pretty while un¬ 
der water.it may fuffice,that the contrivance ofthofe parts,which 
relate to Refpiration, be fo far fitted for the purpofe, as wefhall 
fee it is when we come to the Tenth Title. 

The II. Title. 

Of the ?h£nomena afforded by Vipers included in an Exhaufled 
Receiver. 

( ' ^Onfidering that Vipers are Animals endowed with Lurgs 
_j (though of a differing ftrudture from thofe of Men , Dogs, 
Cats, Birds, &c.) and that their bloud is, as to fen r e, actually 
cold $ I thought, it might upon both thofe accounts be very well 
worth trying, what efteft the withdrawing and abfence of the 
Air would have upon Animals fo conftituted. I therefore mac 
divers tryals,fome of which did not difpleafe me, but I know 
not by what misfortune the memorials of them were loll, except 
two or three (which were not perfect,)that I fhall here fubjoine. 
Experiment the I. 

We included a Viper in a fmall Receiver, and as fan.z.1662. 
we drew out the Aicfhe began to fwell, and afford- 3 
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1. It was a good while after we had left pumping, ere the Viper 
began to fwell lo much as to be forced to gape, which afterwards 
fhe did. 

2. That fhe continued, by our eftimate, above sf hours in 
the exhaufted Receiver without giving clear proof of her being 
killed. 

3. That after file was once (o fwelled , as to be compelled to 

open her jaws, (he appeared flender and lank again, and yet very 
focn after appeared fwelled again, and had her jaws disjoined as 
before. - Experiment the 2. 

We took a Viper, and including her in the greateft fort of fmall 
Receivers, we emptied the glals very carefully, and the Viper 
moved up and down within , as if it were to leekfor Air, and 
after a while foamed a little at the mouth, and left of that 
foam flicking to the infide of the glafle : Her body fwelled n. t 
confiderably, and her necklefle, till a pretty while after we had 
left pumping 3 but afterwards the body and neck grew prodigi- 
oully tumid, and a blifter appeared upon the back. An hour and 
an half after the Exhauflion of the Receiver ( which we then 
by tryal found to be pretty ftaunch) the difteDded Viper did 
give by motion manifeft figns of life-, but we obferved none 
afterwards. The Tumor reached to the neck , but did not feem 
much tofwell the under»chap. Both the neck and a great pait 
of the throat, being held betwixt the eye and the candle , were 
tranfparent enough, where the feales did not darken them. The 
jaws remained mightily opened, and fomewhat diflorted 3 the 
Epiglottis with the rimula Lar)ngia (which remained gaping) was 
protruded almoft to the further end of the nether-chap. As it 
were from beneath this Epiglottis came the black tongue,and rea* 
ched beyond it, but feemed by its pcfture not to have any life , 
and the mouth alfo was grown blackifh within: but the Air be¬ 
ing readmitted afters? hours in all, the Viper’s mouth was pre- 
fently clofed, though foon after it was opened again, aud conti¬ 
nued long fc>3 and fcorchingor pinching the tail made a motion 
in the whole body, that argued fome life. 

Experiment the 3. 

April it. To theft Experiments upon Vipers, I fhall add one, 
made upon an ordinary harmleft Snake. 

We included fuch an Animal, together with a Gagej n a pretty 
portable Receiver, which, being exhaufted and well fecured a- 
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gainft theingrefs of the Air,was laid afide in a quiet place,where 
it continued from io or 11 a clock in the forenoon, till about ^ 
the next morning; and then my occafions calling me abroad, I 
looked upon the Snake j which , though he (eemed to be dead, 
and gave no figns of life upon the fhaking of the Receiver , yet 
upon holding the glafs a convenient diftance from a moderate 
©re* he did in a fhort time raanifeft himfelf to be alive by (everal 
tokens, and* even by putting forth his forked tongue* In that con¬ 
dition I left him, and, by reafon of feveral avocations, came not 
to look upon him again till the next day early in the after-noon; 
at which time he was grown part recovery, and his jaws, which 
were formerly (hut, gaped exceeding wide, as if they had been 
ftretcbed open by fome external violence. 


Sept.p. 


The in. Title. 

Of the Phenomena afforded by Frogs in an Exhaifed Recei* 
ver. 

T He feme confiderations that induced me to 
make tryals upon Vipers, did alfo invite me 
to make feveral upon Frogs ; the fuccefs of (ome of which , the 
following Notes will declare. 

Experiment the 1. 

We took a large lufty Frog , and having included'her in a fmall 
Receiver, we drew out the Air, and left her not very much (wel¬ 
led, and able to move her throat from time to time, though not 
(o faft as when (he freely breathed before the Exu&ion of the Air. 
She continued alive about two hours, that we took notice of, 
fometimes removing from the one fide of the Receiver to the o- 
ther ; but (he fwelled more than before, and did not appear by 
any motion of her Throat or Thorax to exercife Refpiration, 
but her head was not very much fwelled, nor her mouth forced 
open. After (he had remained there (omewhat above three hours 
(for itwas not hours) perceiving no fign of life in her, we let 
in the Air upon her, with which the formerly tumid body ftirunk 
very much, but feeraed not to have any other change wrought in 
it ; and though we took her out of the Receiver, yet in the free 
Air itfelf,(be continued to appear dark dead, Nevertheleft to fee 
the uttnoft of the Experiment, having caufed her to be laid upon 
the graft iu a Garden all -night, the next morning we found her 
perfe&ly alive again. 

Experiment 
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Experiment the 2 . 

_ . About 11 of the Clock in the fore- noon, we put 

i«ni ip.i o. a Erog into a (mail Receiver, containing about 

15+ ounc. Troy weight of water, out of which we had tolerably 
well drawn the Air, (fo that when we turned the cock under wa» 
ter,it fucked in about i tfotmc. of water:)The Frog continued in 
it (the Receiver all the while under water ) lively enough till a- 
bout 5 of the clock in the afternoon, when it expired. The Frog 
at the firft feemed not to be much altered by the exudtion of the 
Air, but continued breathing both with her throat and lungs. 

Experiment the 3* 

r ^ ^ We included into a pretty large Receiver a cou- 

i p] e 0 f F rC) gs newly taken, the one not above an inch 
long, and proportionally (lender:, the other, very large and lufty* 
Whilft the Air was drawing out, the lefler Frog (kipped up and 
down very lively, and, fomewhat to our wonder, clambered up 
feveral times to the (ides of the Receiver, infomuch that he fome- 
times yyrefted himfelf againft the fide of theglafs. When his body 
feemed to be perpendicular to the Horizon, if not in a reclining 
pofture, he continued to (kip up and down a while after the ex- 
uttion of the Air, but within a quarter of an hour (meafured by 
a minute-watch) we perceived him to lye (lark dead with his bel¬ 
ly upwards. The other Frog, that was very large and ftrong, 
though he began to fwell much upon the withdrawing of the Air, 
and feemed to be diftre(Ted,by his frequently leaping up after the 
Air was drawn out, which he did not before, yet being as we faid 
very lufty,he held out half an hour,at which time it was^femark- 
able, that the Receiver, though it had held out againft the pref- 
fureof the outward Air, during that fpace of time, notwith-. 
(landing that a piece of it had been cracked out, and was mend¬ 
ed with a cloth deep'd in Cement,yet at the end of the half hour, 
the weight of the outward Air fuddenly beat it in, and thereby 
brought the iraprifoned Frog a reprieve, which hindered us from 
bringing the Experiment to an iffue* 

Experiment the 4th. 

Set 11 We tc °k 3 (mall Frog, and having conveyed her into 
a very fmall portable Receiver, we began to pump out 
the Air. At firft (he was lively enough, but when the Air began 
to be conftderably withdrawn, (he appeared to be very much dii- 
quieted (leaping fometimes after an odd manner, as it were to get 
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out of the uneafy prifon,) but yet notfo, but that, after the ope¬ 
ration was ended and the Receiver taken off, the Frog was per- 
fe&ly alive, and continued to appear fo (if I am not miftaken) 
near an hour, though the Abdomen was very much t and the throat 
fomewhat extended$ this latter part having alfo left that wonted 
panting motion, that is luppoled to argue and accompany the 
refpiration of Frogs. At the end of about 3^ hours, after the re¬ 
moval of the Receiver from the pump, the Air was let in y where¬ 
upon the Abdomen, which by that time was ftrangly fwelled, did 
not only fubfide, but feemed to have a great cavity in it, as the 
throat alfo proportionably had5 which cavityes continued, the 
Frog being gone paft all recovery. 

Experiment the 5th. 

4 Xt . A large Frog was conveyed into a plated Receiver , 
r ’ and the Air being withdrawn, her body by degrees was 
diftended 5 as appeared very notably, when by a casual fpringing 
of a leak, the Air got in again, and madeher look much more 
lank and hollow than ever. The Receiver with the Cage were 
kept under water near feven hours,becaufe I was obliged to ftay 
long abroad 5 at the end of which coming home I found the Re¬ 
ceiver ftaunch, but the Frog dead and exceedingly fwelled: up¬ 
on the letting in of the Air, (he became more hollow and lank 
than ever. 

NB. I have purpofely, both under this Title and fome others, 
fubjoyned fbme Tryals, whofe events are not altogether fuch , as 
others, recited under the fame head, would invite one to expediy 
but I purpofely doit, not only to be true to the Impartiality , I 
propofed to my felf in writing thefe Narratives, but to awaken 
the curious to conftder and obferve what variety of Thoenomena , 
in fuch tryals, may be attributed to the leafon of the year, where¬ 
in they are made ^ and to the ftrength, bulk, age, peculiar con- 
ftitutions, that relate to the refpe&ive Animal, on which the 
Experiments are made, befides, what things may on other ac¬ 
counts be fit to be alfo confidered. 


The IV, Title. 

Of the Phenomena afforded by a newly kitten'd Riding in the 
Exhatijled Receiver. 

B Eingdefiroustotry, whether Animals , that had lately been 
accuftomed to live either without any % or without a full Re- 

lpiration ? 
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fpiration, would not be more d fficultly or (lowly killed by the 
want of the Air, than others,which had been longer ufed to a free 
Refpiration; We took a Kitting that had been kitten’d the day 
before, and put it into a very fmall Receiver (that we guefied to 
hold about a pint or lefs) that it might be the fooner exhaufted. 
As (bon as the pump began to play, l took notice of the time,and 
found by a Watch , that marks Minutes and Quarter-Minutes, 
within one minute or a little more after the Air firft began to be 
withdrawn, that the little Animal,who in the mean time had gafp- 
ed for life, and had (ome violent convulfions, lay as dead with his 
head downwards, and his tongue out j but upon letting in of the 
Air, he did in a trice (hew figns of life,and being taken out of the 
Receiver quickly recovered: And to allow him the benefit ofhis 
good fortune, we fent for a Kitling of the fame age and litter, 
which being put into the fame Receiver, quickly began, like the 
other, to have convulfions,after which he lay as dead* butob- 
ferving very narrowly, I perceived fome little motions, which 
made me conclude him alive; which I foon found I had caufe to 
do. For though we continued pumping, and could not perceive 
that the Engine leaked more than in the former Experiments 5 the 
Kitling began to ftir again, and after a while had ftronger and 
more general convulfions than before; till at the end of full fix 
minutes after the Exuftion of the Air was begun, the Animal 
feeming quite dead, the outward Air was readmitted into the 
Receiver, which not reviving him as it had done the other,he was 
taken out of the veflel, and lay with his mouth open, and his 
tongue lolling out without any fenfible breathing, and puliation; 
til! having ordered hkn to be pinched, the pain or foine internal 
motion, produced by the external violence done to him, made 
him immediately give manifeft figns of life, though there was yet 
no fenfible motion of the heart or the lungs; but afterwards ga¬ 
ping and fetching his breath in an odd manner, and with much 
(training, as I have feen fome Fetus’s do, when cut out of the 
womb, he little by little, within about a quarter of an hour, reco¬ 
vered : wherefore thinking it fevere to make him undergo the 
fame meafure again, we fent for another, kitten’d at the fame 
time, and indofing that alfo in the Receiver, obferved, that di¬ 
vers violent convulfions, as it were gafping for breath, into which 
he began to fall at the fecond or third fuck, ended in a feeming 
death, within about a minute and ,an half But being made more 
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diffident by the late Experiments,! caufed the pump to be plyed, 
a ad the rather, becaufe 1 had a mind to obferve, whether when 
the Air was from time to time drawn away, there would not,up¬ 
on the opening of the ftop-kock to let it out, appear fomefudden 
Iwelling, greater or lefs,of the body of the Animal,by the fpring 
and expanfionof fome Air ( or Aerial matter ) included in the 
Thorax, or the Abdomen- Such an inflation (though not great) 
we thought we obferved} but tillfurther tryal I dare not acqui* 
efce in it- A while after,notwithstanding our continuing to pump, 
the Killing gave manifeft figns of life, which was not till it had en¬ 
dured divers convulfions, as great as thofe of the firft fit, if not 
greater. When 7 min* from the beginning of the exhauftton were 
compleated, we let in the Air 3 upon which the little creature, 
that feemed ftark dead before, made us fufpefl: that he might re¬ 
cover* but though we took him out of the Receiver, and put A- 
qua vitae into his mouth,yet he irrecoverably dyed in our hands. 

Thefe tryals may deferve to beprofecuted with further ones, 
to be made not only with fuch Kittens,but with other very young 
Animals of different kinds 3 for by what has been related it ap- 
peafs, that thofe Animals continued 3 times longer in the Exhau- 
fted Receiver, than other Animals of that bignefs would proba¬ 
bly have done- 


The V. Tittle. 

Some tryals about the Air nfually harboured and concealed in 
the Pores of Water , &c. 

I T might affift us to make the more rational conjeffures about 
the Phenomena of divers of our Experiments, if we knew 
( fbmething near ) what quantity of Aerial fubftance is ufually 
found in the liquors,we imploy about them,efpecially in that rooft: 
common of xhzmJVater. And therefore,though it be very difficult, 
(jf at all poffible) to determine the proportion of the Air, that 
lurks in water, with any thing of certainty, many circumftances 
making it fubjedt to vary very much, yet to make the beft efti- 
mate, I eafily could, where none at all that I know of hath been 
hitherto made by any man, I ccnfidered, that it might afford us 
fome light, if we dilcovered at leaft what proportion, as to bulk, 
the Air latitant in a quantity of water would have to the liquor it 
came from, when the Aerial particles fhould be gathered toge¬ 
ther into one place. For,though about this union,and the Spring 

T that 
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that may be confequent to it, fbme doubt* iftay be fdggefted, 
which I have riot now time to difcufie*yet I fuppofed, that atleaft 
Tome difcoveries would by this way be made, though not of the 
true proportion between the Air'and the Water, yet about two 
or three particulars, in due time to be taken notice of* 

To find Inftruments, which would any way accommodate our 
purpofc,proved a very difficult work}fo<hat among father things* 
that we were fain to do,this was one* that to evince how little the 
Air, latitant in water, did appear to iefien the bulk of that water, 
if it were fuffered to flye away in an open Tube 5 we fuffered it 
to efcape in an exhaufted Receiver without any artifice to catch 
it j by which tryal the water did not part with any thing of its 
bulk, that made a diminution ferifiblfe to the eye. Wherefore we 
endeavoured to make this lofs vifible by lome other tryals, of 
which I can find but a few hafty memorials among my lofe En- 
tryes. 

AChymical pipefealed at one end, and f inches (or fbme- 
what left) in length, Was fill’d with water, and inverted into a 
glaft veflel, not two inches in diameter , and but 4 of an inch or 
little more in depth. Thefe glafles being conveyed into a fit Re¬ 
ceiver, and the Air being leifurely pumped out, and fomewhat 
fjowly readmitted, the numerous bubbles, that had afcended 
during the operation, conftituted at the top an Aerial Aggre¬ 
gate, mounting to r* wanting about 100 part of an inch. 
rbefe an two Prefently after, the Tube (by and by to be defcri- 
lExpmments. ^ed) was filled again with the fame water, and in¬ 
verted , and the water being drawn down to the furfaceof the 
▼efielled water, and the Air let in again, the water was impel¬ 
led up to the very top within a 1 o th. arid half a tenthofan inch. 

The Tube for meafuring the Air latitant in water was 4in¬ 
ches above the furface of the ftagnant water: the Air colle&ed 
out of the bubbles at the top of the water, was the firft time 4 
of an inch and fomewhat better 5 the fecond time we efthttated 
it but yand ?s. The firft time the water in the pipe was made to 
fubfide full as low as the furfaceof the reftagnant water: the 
fecond time the loweft, we made it fubfide, feemed to be 4 or 5 
inches above the furface of the water in the open veflel. 

Matter of faff thus recited would afford divers difficulties 
worthy to be confidered, which I have not leifure to difeufle; 
especially the Odd thing that happens to the Aerial particles of 

water: 
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water: For though, whilft they lay concealed in the water, they 
took up fo little room in it, that it was infenfible, and when they 
were permitted to efcape, out of the Tube, the water was not 
manifeftly diminished by their recede3 yet, when they were affo* 
ciated at the top of the Tube, their aggregate did (ometimes 
maintain a place, that was confiderable enough in reference to 
the capacity of the whole Tube, though I mpft.here advertile, 
that this Aggregate did at t he top of the Tube poffeft more room 
than its bulk did abfolutely require, becaufe it was fomewhat 
defended from the preflure of the Atmofphere by the weight of 
thelubjacent Cylinder of water, which might be about three or 
four foot long. 

givenx Whether any confiderable proportion of bubbles will 
be atforded by the fame liquor, if it be differed to continue in the 
glali for fome competent time, after it has been once,or oftener, 
freed from bubbles already ? 

guere : How far it may be worthy our confideration, whether 
in common water there may not be concealed Air enough to be 
of u(e to fitch cold Animals as Fijkes 3 and whether it may be fe- 
parable from the water, that drains through their gills? 

But though I was at firft content to make ufe of this way of e- 
fflmating the Air concealed in water, yet when I came where l 
could be a little better accommodated with glades, J ; bethought 
my (elf of a final! Indrument,that would much better difclofe the 
wonderful plenty of the Aerial particles I defigned to difcoyer* 
The ftru&ure and ufe of this Glaft may be eafiiy enough under- 
ftood by the recital of the firft Experiment, that was made with 
it, whereof take the following Travfiript . 

We provided a clear round Glafs, furnifbed with a pipe or 
ftem of about 9 inches in length, theglobulous part of the glafs 
being on the outfide about 31 inches in diameter 3 the Pipe of 
this glafs was within an inch of the top, melted at the flame of a 
Lamp, and drawn out for two or three inches as (lender as a 
CrowVquill, that the decrement of the water upon the Recede 
of the Air, harboured in its pores, might, if any (hould happen, 
be the more eafiiy obferved and eftimated. Above this (lender 
part of the Pipe, the Glafs, as was before intimated, was of the 
fame krgene(s(or near it) with the reft of the Pipe, that the A- 
erial bubbles,amending through the (lender part,might there find 
room to break, and (b prevent the overflowing , or loft of any 
part of the water. T 2 This 
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This Veflel bci.ig.not without difficulty and feme Induftry fil¬ 
led, till the liquor reached to the top of the (lender part, where 
not being uniformly enough drawn out 3 it was fomewhat broader 
than elfewhere; we conveyed the Glafs, together with a pede- 
ftal for it to reft upon, into a tall Receiver, and pumping out 
the Air,there difclofed themfelves numerous bubbles afeending 
nimbly to the upper part of the Giaft, where they made a kind 
of froth or foam; but by reafon of the above-mentioned figu¬ 
ration of the Veflel, they broke ait the top of the (lender part, 
and fo never came to overflow. 

This done, the pump was fjffered to reft a while, to give the 
Aerial particles, lodged in the.water, time to (eparate thetnfelves 
and emerge, which when they had done a pretty .'while,the pump 
was plyed again, for fear fome Air fhould have ftolen into fo 
large a Receiver. Thefe viciflitudes of pumping and refting la- 
fted fora confiderable time, till at length the bubbles began to 
be very rare, and we weary of waiting any longer; (bon after 
which the external Air was let into the Receiver, and it appear¬ 
ed fomewhat ftrange to the Spe&ators, that notwithftanding fo 
great a multitude of Bubbles, as had elcaped out of the water , 

I could not by attentively comparing the place where the fur- 
face of the water refted at firft ( tb which a mark had been af- 
fix'd) with that where it now ftopd , I could not, I fay, dif- 
cern the difference to amount to abo ve, if fb much, as an hairs 
breadth; and the chief Operator In the Experiment profefled 
that, for his part, he could not perceive any difference at 
all. 

Thus far for the Narrative of the trya! made by Water j but 
that was not the only Liquor, into whole Aerial particles I de- 
figned by our little Inftrument to enquire; and therefore filling 
a "Glafs of the fame fhape, and much of the fame bignefs, with 
Claret n>me } and placing it upon a convenient Pedeftal in a tall 
Receiver,we caufed fome of the Air to be pumped out; where¬ 
upon in a (hort time there emerged , through the (lender Pipe, 
fo very great a multitude of Bubbles, that were darted,as it were, 
upwards, as did not a little both pleafe and furprize the Behold¬ 
ers: but it forced us to go warily to work, for fear the Glafs 
fhould break, or the wine overflow. Wherefore we feafbnably 
left off pumping, before the Receiver was anything nearex- 
h, .ufted, and differed the Bubbles to get away as they could . 
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till the prefent danger was overpaffcd, and then from time to 
time we pump’d a little more Air out of the Receiver, till we 
were weary , the withdrawing of a moderate quantity of Air 
at a time fufficing, even at the latter end, to make the Bubbles 
not only copioufly, but very fwiftly alcend,(by a minute Watch) 
for above a quarter of an hour together. 

The little Inftrnment, made ufe of about thele tryals , being 
defigned to examine, among other things, the quantity of Bub¬ 
bles lurking in feveral Liquors, is to be applyed to spirit of 
Wine undChymicalOyles, that are more fubtil Liquors than Wine 
it felf. And lome circumftances of our tryals made us think, that 
it might be worth examining, what kind of fubftance may be 
obtained by this way of handling Aerial and Spirituous Corpuf- 
cles. But of the other ufes of our Inftruraent elfewhere* 


The VI. Title. 

Of feme Phenomena , afforded by Shell-Fillies in an exhan- 
fled Receiver. 

Experiment the r. 

A N Oyfeer being but into a very fmall Receiver, and kept in 
long enough to have fucceflively kill'd three or four Birds 
or Beafts, &c. was not thereby kill’d , nor, for ought we could 
perceive, confiderably difturb’d $ only at each fuck we per¬ 
ceiv’d, that the Air contain’d between the two Shells broke out 
at their Commilfore 5 as we concluded from the foam which at 
thofe times came forth all round that Commillure. About twen* 
ty four hours after, coming to fee in what condition this Oyfler 
was, I found, that both this, and another that had been put at 
the lame time into the Receiver, were alive 5 but how long af¬ 
terwards they continued fo, I did not obferve. 

Experiment the 2. 

That lame day we put a pretty large Crane Fife into a pretty 
large Receiver, and found, that though he had been iniur’d by 
a fall before he was brought thither, yet he feem’d not to be 
much incommoded by being included , till the Air was in great 
meafure pump'd out, and then its former motion prelent ly cea- 
led, and he lay as dead, till, upon the letting in a little Air into 
the Receiver, he began fortwith to move a ft eth. And upon the 
withdrawing the Air again, heprtfently, as before, became 
movdefs. Having repeated this tryal two or three times, we 

took 
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took him out of the Receiver, where he appear’d not to have 
fuffer’d any harm* 

Experiment the 3 . 

But T thought it not unlikely, that there may be fbtne Iuch 
inequality in the ftrength or vivacity of Animals, astofuchkind 
of Experiments as ours, that it might be well worth while in fe- 
veral cafes to reiterate our Tryals. And on this occafion I (hall 
here add, that having put an Oytttr into a viol full of Water# 
before we included it in the Receiver, that through the liquor 
the motion of the Bubbles, expetted from the Filh, might be the 
more plealantly leen and confider'd, this Oyfter prov’d fo 
ftrong, as to keep it felf dole (hut, and reprefs d the Eruption 
of the Bubbles, that in the other did force open the (hells from 
time to time j and kept in its own Air as long as we had occafion 
to continue the Tryals. 

Experiment the 4th. 

Moreover a Crate-Fi/h, that was thought more vigorous,being 
fubftituted in the place of the former Craw-Filh, though once he 
feem’d to lole his motion together with the Air, yet afterwards 
he continued moving in the Receiver, in fpight of our pumping: 
Whether becaufe there was fome unperceiv’d leaking, that hun¬ 
dred a fufficient Exhauftion of the Air, or becaufe this particu¬ 
lar Animal was more ftrong or vivid than the other, we could 
not pofitively determine. 

The VII. Title. 

Of the Vhmomena of a Scale-Filh in an Exhaufted Rem- 
ver. 

T He following Experiment is far from being the firft that 
was made on a Scale-Fifh in our Vacuum } but in regard 
that the Receivers, wherein thofe tryals were made, the Exter¬ 
nal Air could not be kept out near fo long, and fo well as in the 
Vdlel I am about to mention , I judg’d it well worth the pains 
to oblerve, what would happen to a Filh in an exhaufted Vei¬ 
l'd, where it flhould be kept for fome hours together from all 
fupply of frelb Air. And therefore I made feveral Tryals to that 
purpole^ whereof that, which I think the moft confidcrable, 
was Regiftred as follows: 

We took a Receiver lhap’d almoft like a Bolthead, containing 
by eftimation near a Pint, and the Globulous part ol it being 

almoft 
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almoft half full of water, we put into it, at (he Orifice (which was 
pretty large) a (mail Gudgeon , about three Inches long, which 
when it was in the Water fwam nimbly up and down therein. 
Then having drawn out the Air fo well, that we guels’d by a 
Gage, that about nineteen parts of twenty or more might be ex- 
haufted, we focur’ d our felves, that the regrels of the Air (hould 
not injure our Experiment; about which we obforv’d thefe par¬ 
ticulars, 

Firft, The neck of the Gtafs being very long , though there 
appeared great ftore of Bubbles all about theFilh} yet the reft 
of the Water, notwithftanding the withdrawing of fo much 
Air as has been mention'd, emitted no froth, and but few Bub¬ 
bles, 

Secondly, The Fifh both at his mouth and gills did, for a 
great while, difcharge luch a quantity of Bubbles as appear’d 
ftrange, and for about half an hour or more ( for much longer 
I haa not opportunity to watch it$) when ever he refted a while, 
new Bubbles would adhere to many parts of his Body (as if they 
were generated there) elpecially his Fins and Tayle: So that he 
would appear almoftbefet with Bubbles 3 and if, being excited 
to fwim, hewasmadetolhakethemoff^ he would quickly, up¬ 
on a little Reft,be befot with new ones as before. 

Thirdly, Almoft all the while he would gape and move his 
Gills, as before he was included • though towards the end of the 
time that I watch’d, it often happen’d, that he neither took in, 
nor emitted any Aerial particles that I could perceive. 

Fourthly , After a while he lay almoft conftantly with his Belly 
upwards, and yet would in that pofture fwim brilkly as be¬ 
fore. 

Fifthly , Nay after a while he foem d to be more lively than at 
firft putting in 3 whether by reafon, that by difcbarge of lo ma¬ 
ny Bubbles, which by their diftenlion perhaps put him to pain, 
he found* himfelf reliev’d, or for fome other caufe, I examine 
not. 

HavingoccaHon to go abroad, I return'd about an hour and 
a half after he had been foal'd up, and found him almoft free from 
Bubbles, and with his Belly upwards, and foemir»g lomewhat tu¬ 
mid, - but yet lively as before. But an hour and a quarter after 
that, When riling from dinner I went to look upon him again , 
be foem’d to be movekls and fomcwhat ftiff j yet upon lhaking 
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theGlafs, obferving fome faint figns of life in him by fome Lan¬ 
guid motions, he attempted to make when excited to them , I 
open'd the Receiver under water, to try if that Liquor and Air 
would recover him 3 and the external water rulhing in till it 
had fill’d the vacant part of the Ball and the greateft part of the 
ftemtoo, the Filh funk to the bottom of it, with a greater ap¬ 
pearance than ever of being alive, in which ftate after he had 
continu’d a pretty while, 1 madeafhift, by the help of the wa¬ 
ter he fwam in, to get him through the Pipe into a Bafon of wa¬ 
ter, where he gave more manifeft figns of life: but yet for fome 
hours lay on one fide or other, without being able to ,(wim or 
ly on his belly, which appear’d very much fhrunk in, as if fome- 
thing during the time of its being feal’d up had been broken in 
his body, or his Belly had been exceedingly diftended , beyond 
reftitutiomto its former Tone. 

All the while he continued in the Bafon of water, though he 
mov’d his Gills as before he had been feal’d upj yet I could not 
perceive,thathedid,even in his new water, emit, as formerly,any 
Bubbles, though two or three times I held him by the Tayl in 
the Air, and put him into the Water again 3 where at length he 
grew able tolye conftantly upon his Belly ( which yet retain’d 
much of its former lanknels 3) and though it be now about or a- 
bove twenty four hours fince he was firft included, he continues 
yet alive. 

(Pofifcript. He liv’d in the Bafon eight or ten dayes longer ; 
though divers Gudgeons fince taken dy’d there in much fewer 
dayes.) 


The VIII. Title. 

Cf two Animals included , with large wounds in the Abdomen , 
in the Pneumatical Receiver. 

Experiment the 1. 

S'pt.tu A Small Bird, having the Abdomen opened almoft 
J~\ from flank to flank, without injuring the Guts, 
was put into a (mail Receiver, and the Pump being fet a work 
continued for fome little time without giving any figns of di- 
ftrels, but at the end of about a minute and an half from the 
beginning of the exhauftion, Ihe began to have convulfive taor 
tions in the wings; and though the convulfions were not-univerr 
fill, or did appear violent, as is ufual in other Birds from whom 

the 



( 2027 ) 

the Air is withdrawn by the Engin, yet at the end of two full minutes, 
letting in the Air , and then taking off the Receiver we found the 
Bird irrecoverable ; notwithftanding which we did not find any no¬ 
table alteration in the Lungs, and found the Heart (or at leaft the Au¬ 
ricles of it) to be yet beating , and fo it continued for a while af¬ 
ter. 

Experiment the 2. 

We took alfo a pretty large Frog , and having without violating the 
Lungs or the Guts made two filch incifions in the Abdo¬ 
men, that the two curled bladders or lobes of the Lungs ThefamtJay. 
came out almoft totally at them , We fufpended the Frog 
by the legs in a froall Receiver , and after we had pumped out a good 
part of the Air, the Animal ftrugled very much, and feemed to be much 
difordered, and when the Receiver was well exhaufted, IhclayftiU 
for a while as if file had been dead, the Abdomen and thigh very much 
fwclled, as if fome rarified Air or Vapor forcibly diftended them. But 
as, when the Frog was put in, one of the Lobes was almoft full , and 
the other almoft fhrunk up, fo they continued to appear, after the Re¬ 
ceiver had been exhaufted-, but upon letting in of the Air , net only 
the body ceafed to be tumid,but the plump bladder appeared for a while 
Ihrunk up as the other, and the Receiver being removed, the Frog 
prefently revived , and quickly began to fill the Lobe again with 
Air. 

The IX. Title. 

Of the motion of the fparate d Heart of a Cold Animal in the 
Exhaufted Receivers 

W Ithoutdifculfingthe opinions of Learned men about the con¬ 
nexion and dependency of the Motion of. the Bloud, and Beat¬ 
ing of the Heart, I thought, it might give me a fufficient inducement 
to makethefollowing Experiment,that feveral forts of Animals would 
be prefently killed in our Vacuum by the withdrawing of the Air , and 
even the Inleds mentioned in the formerly publifhed Digrejfion about 
Refpiration, though they alfo were not totally deprived of life by the 
abfence of the Air, yet they were of vifible motion : Wherefore fome 
good hint or other being to be hoped for from the difeovering , whe¬ 
ther or no a feparatedT-Ieart, which is but a part of an Animal, would 
continue its motions in our Vacuum t we made fome tryals to that pur- 
pofej whofe fuccefs I find thus fet down. 

Experiment the l. 

The Heart of an Eele being taken out and laid upon a plate of Tin 
in a fraall Receiver, when we perceived it to beat there as it had done in 

U the 
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the open Air, we exhaufted the Veffel, and law, that, thdugh the heart 
grew very tumid, and here and'there fent forth little Bubbles , yet it 
continued to beat as manifeftly as before, and Teemed to do fo more 
fwiftiy-j as we tryed by numbring the pulfations it made in a minute j 
whilft it was in the exhaufttd Receiver , and when we had readmitted 
the Air, and alfo when we took it out of the Glafs, and fufFered it to 
continue its motion in the open Air. The heart of an other Eele . be¬ 
ing likewife taken out, continued to beat in the emptied Receiver, as 
the other had done. 

Experiment the 2. 

The Heart of an other Eele, after having been included in a Receiver 
firft exhaufted, and then accurately Tecured from leaking, though 
it appeared very tumid, continued to beat there an hour •, after which 
looking upon it and finding its motion very languid,arid almoft ceafed, 
by breathing a little upon that part of the glafs where the heart was, it 
quickly regained motion, which I obferved a while •, and an hour after 
finding it to feem almoft quite gone , I was able to renew it by the ap¬ 
plication of a little more warmth. At the end of the third hour, com¬ 
ing to look at it once more, a bubble, that appeared to be placed be¬ 
tween the Auricle and the Heart, Teemed to have now and then'a little 
trembling motion^ but I found it fo faint, that I could no more by 
warmth excite it. To as plainly to perceive the heart to move: where¬ 
fore I fufFered the outward Air to rufli in , but could not difcern,.that 
thereby the heart regained any Tenfible motion, though aflifted with the 
warmth of my breath and hands. 


The X. Title. 

A Cdt»parifin of the Times wherein Animals may he kfU’d by 
Drowning, or withdrawing of the Air ♦ 

T O help my felfand others to lodge the better of fome difficulty’s 
concerning Refpiration , I thought it might be ufefttl, that we 
compar'd together the Times, wherein Animals may be killM by that 
want of Refpiration, which in thofe that are drown'd is caufed by the 
water that fufFocates them, and. that ether want, which proceeds rrOm 
withdrawing the ambient Air. Of the latter of thefe a fufficient num¬ 
ber of Tnftances is to be met with among our other Experiments , and 
therefore I fliall now fubjoyn about the former the more Tryals, becaufe 
this Comparifon hath not, that- I know of, been yet thought on by 
any. 

Experiment the i. 

Stpt. io. A Green-Finch , having his legs and wings tyed to aweighc, 

was gently let down into a glafs-body fill’d with water •, the 

time 
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time of its total immerfion being mark’d : At the end df half a minute 
after that time the ftruglings of the Bird fccming finifh’d, hems 
nimbly drawn up again, but found quite dead. 

Experiment the 2 . 

Whereupon a Sparrow, that was very lufty and quarrclfome, was 
ty’d to the fame weight, and letdown after the fame manner ^ but 
though he feem'd to be under water more vigorous than the other Bird, 
and continued ftrugling alrnoft to the very end of half a minute from 
the time of his being totally immers’d ( during which ftay under water 
there afccnded,from time to time,pretty large bubbles from his mouth,) 
yet notwithftanding, that as foon as ever the half minute was complca- 
ted,he was drawn up,we found hins,to our wonder,irrecoverably gone. 

Experiment the 3. 

A fmall Mottfie, being held under water by the tail,emitted from time 
to time divers Aerial Bubbles out of his mouth and at laft , as one of 
the Spedlators affirm’d, he faw at one of his Eyes, being taken out at the 
end ofhalf a minute andfomefew feconds, he yet retain’d fome moti¬ 
ons ; but they prov’d but Convulfive ones, which at laft ended in 
Death. 

By what is related under the I. Title, it does not appear , that Water- 
Fowl , at leafi that Ducks could in our Receivers endure the want of Air 
much longer than other Birds : But now to Jhew , that the Contrivance of Na¬ 
ture is not iufgnifieant, as to the enabling them to continue much longer under 
Water , without frefh Air , than the Lana- birds abovemention d , it will net be 
amifs, to fubjoyn the two following Experiments. 

Experiment the 4th* 

We took the Duck mention’d in the I. Title , and fo ty’d a confidera- 
ble weight of Lead to her body, as it did not hinder her Refpiration, 
and yet would be fure to keep her down under water •, which we had 
found that a fmall weight would not do by reafon of her ftrengtb,, nor 
yet a great weight, if ty’d only to her feet, in fuch a middle-liz’d Tub 
as ours was, becaufe of the height of her neck and beak. With the 
above-mention’d Clog , the Duck was put into a Tub full of clear wa¬ 
ter, under whofe Surface fiie continued, about a minute by my Watch, 
quietly enough, but afterwards began to appear for a while much di- 
fturb’d i which fit being over, our not perceiving any motion in her 
made us, at the end of the fecond minute, take her out of the water,to 
fee in what condition ftie was, and finding her in a good one , after 
we had allowed her fome breathing time to recruit her felf with frelh 
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Air, we let her down again into the Tub, which in the mean time haf 
been fill’d withfrdh water, lead: the other, which had been troubled 
with the fteams and foulnefs of the-Ducks Body , might either hafterf 
her death by its being infefted with them , or hinder our difcerning 
whatlhould happen, by its being opacated by them. 

The Bird being thus under water did, after a while, begin, and from 
time to time continue, to emit divers Bubbles' at her Beak. There aifo 
came out at her Noftrils divers red 1 Bubbles from time to time 5 and 
when the Animal had continued about two minutes or better under wa¬ 
ter, Ihe began to ftruggle very much,and to endevour either to emerge 
or chang Poftures •, the latter of which fhe had liberty to do , but not 
the former. After four minutes, the Bubbles came much more fparing- 
ly from her : then alfo fhe began to gape from time to time, (which we 
had not obferv’d her to do before,)but without emitting Bubbles -, and 
fo hie continued gaping till near the end of the (ixth minute , at which 
time all her motions, fome of which were judg’d convuliive , and o- 
thers that had been excited by our rouzing her with a forceps , appear’d 
to ceafe and her head to hang carelehy down, as if hie were quite dead. 
Notwithstanding which, we thought fit for greater fecurity to conti¬ 
nue her under water a full minute longer, and then finding no figns of 
life, we took her out, and being hung by the heels, and gently prefs’d 
in convenient places,fhe was made to void a pretty quantity of water , 
of which whether any had been receiv’d into the Lungs themfelves , we 
had not time and opportunity to examine. But all the means, that were 
to recover the Bird to life, proving Ineffe&ual, we concluded, fhe had 
been dead a full minute before we removed her out of the water c So 
that,to fum up the Event of our Experiment , even this Water-Bird 
was not able to live in Cold water, without taking in frelh Air, above 
fix minutes j which is but r» of an hour. 

Experiment the 5 th, 

The Due If inf mention’d in the I. Title and fecond, Experiment , having 
a competent weight tyed to her legs, was let down into a Tub of Wa¬ 
ter which reached not above an inch or two higher than her Beak : du¬ 
ring the moft part of her continuance, there came out (tore of Bubbles 
at her Noftrils, but there feem’d to come out more and greater, from 
a certain place in her head aimoft equidiftant from her eyes, but fome- 
what lefs remote from her Neck than they, Whilft Ihe was kept in- this 
condition, Ihe feem’d frequently to endeavour to dive lower under 
water, and after much ftrugling and frequent gaping, fhe had divers 
convulfive motions, and then let her Head fall down backward,with her 
Throat upwards* To which movelefs pofture Die was reduc d at the 
end of the third minute, if not a little fooner but a while after there 
appear’d a manifeft but tremulous motion in the two parts of her Bill , 
which continued for fome,time, but. afforded no Circumftanccs,where- 
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by we could be lure, that they were not Convulfive Motions* but thefe 
alfo cealing upon the end of tne fourth minute, the Bird was taken out 
and found irrecoverable. 

jExperiment the 6th. 

A Viper that was kept fo many hours in an Exhaufted Receiver , till 
it was concluded to be ftark dead , and to have been fo for a good 
while, was neverthelefs refolutcly hindered by me from being thrown 
away, till l had try'd, what could be done by keeping it all night in a 
glafs-body upon a warm digellive Furnace. Whereupon this Viper 
was founcTthe next morning not only to be reviv'd,but to be very live¬ 
ly, fo as to invite me to make with Her, without feeking for another, 
the following Experiment. 

We put her into a tall Glafs-body, fitted with a Cork to the Orifice 
of it, and deprefs’d with weight , fo that flie could come at no Air. 
In this cafe we obferv'd her from time to time * and after fhe had been 
duck't a while, (lie lay with very little motion for a confiderable fpace 
of time. At an hour and a quarter llie often put out her black tongue : 
at near four hours ihe appear'd much alive, and, as I remember, about 
that time alfo put out her tongue, fwimming all this while, as far as 
we obferv'd , above the bottom of the water. At the end of about 
feven hours or more , fhe feem'd yet to have fome life in her , her po- 
fture being manifeftly chang'd intheGlafs, from what it was a while 
before* unleft that might proceed from fome difference made in her 
Body as to Gravity and Levity. Not long after fhe appear’d quite 
dead, her head and tayl hanging down movelefiy,, and direfrly towards 
the bottom of the veflel, whilft the middle of the Body floated as much 
as the above-mention'd Cork would permit it. 

Hafte maketh me pretermit the mention of divers things fuggefled by 
what hath been delivered upon the prefent Title . But this one thing 
Vould be-taken notice of, that, though fome of the aBovementioned 
Animals feem,by the Relations we have given of them , to have been a 
little fooner deftroyed by drowning, than any we have mentio'nd were 
by our Engin, that is no fure proof , that fuffocation does kill A- 
nimalsfafter, than the deprivation of Air, they are expofed to in 
our Engin. For in drowning , that which deftroys is applyed to its 
full vigour at the very firft, and all at once * whereas, our Receivers 
being made for feveral purpofes , the Deprivation of the Air , that 
they make , cannot be made all at once, but the Air muft be pump't 
out by degrees * fo that till the laft the Receiver will be but partly 
emptied. For confirmation of which, I have this to alledge, that, ha¬ 
ving in the prefence of fome Virtuofi provided for the nonce a very 
fmall Receiver,, wherein yet a Moufe could live fometime , if the Air 
were left in it, we were able to evacuate it at one fuck , and by that 
advantage we were enabled , to the wonder of the Beholders , to kill 
the Animal in left than half a minute. 

An 



